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Abstract
Bolted joints are used for fastening components together in the industry, aeronautics and in railways. These joints may get loose 
with time and if not attended timely may result in catastrophic failure also. The purpose of this study was to examine the effect of 
tightening torque on loosening. For this purpose tests were conducted using three different tightening torque values, in the 
vicinity of rated torque. Washers of different types are used in bolted joint, with an understanding that they prevent or retard 
loosening. This study also attempts to examine the role of two types of most commonly used washers: the plain washer and the 
spring washer. Trials were also performed on joint without any washer, for the sake of comparison of loosening performance of
the joint. The results of this experimental study are shown in terms of starting point of loosening of joint and rate of loosening of 
the joint. Various combinations of washers for three values of tightening torque are considered in the experimental study. The 
results are useful in understanding the role of type of washer in prevention of loosening of the bolted joint.
© 2014 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the Organizing Committee of ICIAME 2014.
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1. Introduction
Bolted joints are used to connect parts or plates and can withstand huge amount of pressure and torque 
without any damage to the parts being tightened. This is a result of the forces or preload given at work between the 
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nut-bolt and connected surfaces. Bolted joints are used in many places in engineering applications such as 
automobiles, aeronautics and railways, because of their easy installation and removal for maintenance whenever 
required as well as due to their low cost in comparison to other types of joints. Forces of the application produce 
loads that exceed the clamp load, causing the joint to loosen over time. The loosening in bolted joint is a problem; 
because with the loosened or damaged bolts serious injury may occur to person operating the machine. It is a serious 
problem and should be solved anyhow. By understanding of loosening, caused by dynamic load such failures can be 
avoided
The primary study on threaded fastener loosening was done by Goodier and Sweeney [5] who proposed 
that in the course of dynamic loading and unloading, initial loosening is caused by loading on the assembled 
components and tightening caused by unloading, the net effect being a small rotation in the nut, but that is not 
completely true.
Junker [9] developed a test set up and experiments were done by him under vibratory condition. He showed 
that the transverse joint movement can cause loosening and concluded that transverse vibrations have more adverse 
effects than axial vibrations. Examination of the variation of clamping force in a single bolt assembly model due to 
axial vibration was carried out by Basava and Hess [1]. They found that the clamping force can remain steady, 
decrease or increase when the assembly is subjected to axial vibration. 
The fundamental loosening analysis of bolted joint subjected to dynamic shear loads was done by Pai and 
Hess [11]. They showed that, a fastener can loosen at lower loads than previously expected, due to localized slip at 
the contact surfaces. Four different loosening processes of a screw under different conditions of slip at the head and 
thread contact regions are identified. In addition, the minimum dynamic shear force required to initiate loosening 
determined experimentally. An experimental study was performed on bolted end-plate type joints specimens under 
cyclic loading by Dunai et al. [4]. The paper summarizes the details of the experimental study, the cyclic joint 
behaviour and the cyclic characteristics. An experimental study on self-loosening of bolted joints by Jiang et al. [8], 
showed that the self loosening process of a bolted joint consists of two distinct stages. In the early stage there is no 
relative rotation between nut and bolt and due to cyclic plastic deformation of the materials. But in the second stage 
of self loosening the gradual rotation of nut is characterized by the backing off the nut. Several finite element 
analysis were performed by Shoji and Sawa [14] and noticed that bolts were loosened or nut rotates, when the lateral 
loads was applied, based on the result, the mechanism of bolt loosening was investigated. It was examined that 
loosening of bolt resists when double nut procedure was used. 
Experiments were conducted to study the self-loosening phenomenon of bolted joints under transverse 
cyclic loading at different operating conditions by Patil et al. [12]. They concluded that Self-loosening was not 
significant when there was no slip between the clamped parts. Effectively preventing the clamped parts from 
slipping can successfully minimize the possibility of significant self-loosening of a bolted joint. Sanclemente and 
Hess [13] have presented experimental investigation of mechanical loosening in bolted joints due to cyclic 
transverse loads. Their outcome shows optimum conditions to avoid fastener loosening; which are high preload, low 
modulus of elasticity, large diameter, fine threads, tight fit and lubrication. A study of self loosening of bolted joint 
was done by Kasei [10], when very small slippages occur repeatedly at bearing surfaces under transverse loads. He 
did some sample tests and inspected the anti-loosening performance of nut-bolt joint. The conclusion was that, when 
a high anti-loosening performance is required, a firm obstruction of the slippages at the mating surface on threads 
must be ensured. Yokoyama et al. [15] have performed three-dimensional finite element analyses of a M10 bolted 
joint using a CSW subjected to transverse loading and investigated its loosening resistance performance. 
The goal of the thesis by Belisle [2] was to establish a correlation between experimental and finite element 
strains in key areas of an aircraft wheel bolted joint. The loosening and sliding behavior of nut bolt fastener under 
transverse loading conditions were investigated by Hattori et al. [7]. They showed that loosening behavior of nut 
bolt joint shows the same occurrence if the transverse load applied in the opposite direction and when transverse 
cyclic load applied to the joint, bolt axial tension slowly decreases and at the worst stage not only loosening occurs 
but bolt fails in fatigue also. In their work, Bhattacharya et al. [3] have made an attempt to test the anti-loosening 
ability of various locking screw fasteners with bolts of different materials, sizes and types with different initial 
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clamping forces under the accelerated vibrating conditions in an indigenously made testing rig. They found that the 
loss of clamping force gives an indication of the extent of loosening. On the basis of the test results, chemical 
locking has been found to show best anti loosening characteristics followed by nylock and aerotight nut. Eccles et al. 
[6] have studied the loosening characteristics of prevailing torque nuts. They used a modified Junker test machine 
that allows the application of axial loading to a joint while experiencing transverse displacement. They showed that, 
if the magnitude of the axial loading exceeds the residual preload in the bolt retained from sustaining transverse 
movement alone, the all-metal type of prevailing torque nut can completely detach. 
The self-loosening mechanisms of a bolted joint subjected to a rotational load were investigated by 
Yokoyama et al. [16] using three-dimensional FEM in relation to the contact state on the thread and the bearing 
surfaces. They verified the previous theory regarding the conditions of initiation and progress of loosening. They 
showed that the loosening occurs if the relative rotation angle applied to the bolt reaches a critical value and the 
thread surface undergoes a complete slip.
Plain washers and spring washers play an important role in preventing loosening in bolted joints. It is 
important to know the performance of these washers in bolted joints. Present study is about knowing the 
performance of plain and spring washers under dynamic loading condition with varying tightening torques. The 
objective of the study is to find out the number of load cycles at which the bolts get loose under different tightening 
torques and also to find out rate of loosening.
2. Experimental Set-up
To study the effect of dynamic load on loosening of the joint over a period of time an experimental test-rig 
has been developed as shown in Error! Reference source not found. with an aim to apply amplified cyclic load to 
the bolted joint.
The developed test rig enables application of high dynamic load of around 2 tons magnitude at the joint. In 
the first step, the rotation of motor which is mounted on larger arm of bell crank lever is transmitted by using a belt 
drive to pulley 2. The pulley 2 (pulley at other end) has provision to put some eccentric mass on it. The eccentric 
mass produces radial outward cyclic force of frequency corresponding to angular velocity of motor as source of 
loading. The magnitude of force can be varied either by increasing eccentric mass or its distance from centre of 
rotation. Frequency of load can be varied by varying the spin speed of the motor. The ratio of length of arms of bell 
crank lever is kept 1:12 so as to produce a leverage of around 12. The end of smaller arm of bell crank lever is 
connected to a single lap bolted joint by means of pin joint. The use of pin joint facilitates application of transverse 
load only and does not produce any bending along bolted joint assembly. The other end of the assembly is also pin 
jointed.
Figure.1: Schematic diagram of test-setup
                                       1- Pulley at other end;                                         5-Tested bolt;  
                                       2- V belt;                                                              6- Plate- 2;
                                       3- Pulley with motor; 4- Plate -1;                        7- Load cell; 8-Base 
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Figure.2 : Actual diagram of test-setup
                                          
                                   (a)                                                                                  (b)
Figure. 3(a) As per DIN 127 dimensions of spring washer
(b) Metric standard flat washers ISO 7089 (Normal series, Grade A)
Table 1 and table 2 shows the dimensions of the washers used for the study.
Table: 1 Showing DIN 127 Standards for Spring Washer
Size A B T C
M8 8.2 14.8 2 4
Table 2 showing Standard Flat Washers ISO 7089(Normal series, Grade A)
Nominal 
size
ID max 
(d1)
ID min 
(d1)
OD max 
(d2)
OD min 
(d2)
Thickness 
max (H)
Thickness 
min (H)
8 8.62 8.4 16 15.57 1.8 1.6
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Figure .4: Angular scale to measure loosened angle
The angular displacement of needle is measured on an angular scale mounted on to the needle having a least 
count of 0.50 and hence loosening of joint is measured (Figure 4). A rotational counter and spin speed indicator is 
fitted at the eccentric mass unit to measure frequency of applied load and number of load cycles respectively. The 
reading of the scale is noted down after every 30000 load cycles and on the basis of these readings graphs has been 
plotted.
3. Details of the experimental study
In the present study, the loosening of bolted joint connecting plates 1 and 2 as shown in Error! Reference 
source not found. has been studied under varying tightening torque over a period of time. The fully threaded bolt 
used to connect plates 1 and 2 is M8 Hexagonal head with grade 8.8. The bolt head is countersunk to resist 
movement. Tightening of the bolted joint for different torque values is done with the help of a torque wrench. The 
study and observations have been carried out for three values of tightening torques i.e. for 20 N-m, 22.5 N-m and 25 
N-m and have been named as Case 1, Case 2 and Case 3 respectively. Each case has been analyzed for no washer 
(NW), plain washer (PW), and spring washer (SW) used in the bolted joint at the nut end. In this way, following 
sub-cases are formed and experiments have been carried out for each of it:
Case 1: Tightening torque: 20 N-m. With no washer (NW), plain washer (PW) and spring washer (SW)
Case 2: Tightening torque: 22.5 N-m. With no washer (NW), plain washer (PW) and spring washer (SW)
Case 3: Tightening torque: 25 N-m. With no washer (NW), plain washer (PW) and spring washer (SW)
Four trial runs were taken for each sub-case. The results presented here are the averaged values.
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4. Results and discussions
Loosening characteristics of a fully threaded M8 Hexagonal headed nut- bolt with grade 8.8 have been analyzed 
using the developed test rig. The test has been carried out for a tightening torque of 20 N-m (Case 1) under NW, PW 
and SW conditions. Tightening torque has also been increased to see its effect on the loosening characteristics of the 
joint under various types of washers used. 
Figure 5 shows the average value of the variation of loosened angle as number of load cycle increases for case 1 
under the conditions of no washer (NW), spring washer (SW) and plain washer (PW). The figure shows that for all 
the three conditions of washers (NW, SW and PW) used the loosening angle increases with number of load cycles. It 
also shows that under no washer condition the bolted joint gets loose after 3×104 cycles and its rate of loosening is 
also found out to be quite high, whereas in case of both spring washer and plain washer used the joint looses after 
6×104 cycles and have small loosening rate in comparison to no washer used condition.
Figure. 5: Average Loosening Angle v/s No. of Load Cycles for
Initial Tightening Torque: 20 N- m
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Figure.6: Average Loosening Angle v/s No. of Load Cycles for
Initial Tightening Torque: 22.5 N- m
Figure.7: Average Loosening Angle v/s No. of Load Cycles for
Initial Tightening Torque: 25 N- m
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Similar tests have been carried out for the bolted joint for case 2 and case 3 also, i.e. for tightening torques of 
22.5 N-m and 25 N-m. Under each case four trial runs are taken to see the loosening of bolted joint. However, 
instead of providing detailed results of various trial runs the average values of loosened angle are reported to avoid 
space as well as for better clarity of the results. Error! Reference source not found.6 shows the variation of 
average value of loosened angle for case 2 for no washer (NW), spring washer (SW) and plain washer (PW) 
conditions. It indicates that the loosening starts very early after 3 ×104 cycles for no washer condition, whereas with 
the use of spring washer the loosening of nut starts after 6 ×104 cycles and for plain washer after 9 ×104 cycles. 
Moreover, it is seen that the rate at which the loosening progresses once the loosening starts is highest for the no 
washer condition and it is also found that rate of loosening is more with the use of spring washer in comparison to 
the use plain washer. 
Error! Reference source not found.7 shows the variation of average value of loosened angle against number of 
load cycles for case 3 (Tightening torque 25 KN-m) for the NW, SW and PW conditions. It shows that under the no 
washer condition the loosening starts after 3 × 104 cycles due to increased tightening torque whereas for spring 
washer and plain washer used the loosening starts after 6 ×104 cycles and 9 ×104 cycles respectively. Like case 2, in 
this case also it is seen that the rate of loosening is highest for no washer condition and it is more for spring washer 
used in comparison with use of plain washer.
Figure.8 compares average number of load cycles for start of loosening for case 1, 2 and 3 under NW, SW and 
PW conditions. It shows that the loosening starts early in case of no washer condition. It also shows that with the use 
of spring washer loosening can be controlled; further loosening can be controlled with the use of plain washers.
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Figure.8:  Results for average number of load cycles for start of loosening               
5. Conclusions
This work presents experimental results of loosening of a fully threaded bolted joint. A test rig has been 
developed indigenously for experimentation, which has the capability of applying amplified harmonic force on the 
joint. 
The following salient conclusions may be drawn from this study: 
1. The starting point of loosening, in terms of number of cycles, is independent of value of tightening torque 
when no washer is used in the joint.
2. However, the start of loosening, in terms of number of cycles, is delayed with increase in value of 
tightening torque when any of plain or spring washers is used.
3. The rate of loosening is almost halved when any type of washer is used, compared with the case when no 
washer is used.
4. The rate of loosening is almost the same for either type of washer, and remains unaffected by the value of 
tightening torque used.
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